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Multiple Coll for Enhanced Surface or Volume Imaging 
TECHNICAL FIELD OF THE INVENTION 

This invention relates to certain advances in surface or volume array coil designs 
for Magnetic Resonance Imaging (MR!) and Spectroscopy (MRS). 

Surface and volume coils are used for t)oth magnetic resonance imaging (MRI) and 
magnetic resonance spectroscopy (MRS). Presently, surface loop coils are used to 
produce a certain signaMo-noise raGo (SNR) at a particular depth of interest within 
a sample. The dimension and geometry (square, circular, hexagonal, rectangular 
or diamonds) of the loop element is optimised for that depth (figure 1). A second 
"butterfly element (figure 2) can be added on top of the "loop" (figure 3) and 
combined into a single channel using an optimised combiner to increase the SNR 
at the depth of Interest typically by 20%-30% [1]. This is because the loop and 
butterfly are naturally isolated (decoupled) from each other so that no noise 
correlation exists. This gives rise to the well-known quadrature SNR gain. For that 
depth of interest, this technique is thought to maximize the SNR for a single 
channel No other "stacking" of array elements was thought of to increase SNR at 
the depth of interest. To increase fiekf of view (FOV) in the k>ng dimension 
addittonal inductively decoupled k)op-butterfiy elements are placed along the bng 
axis and fed into separate receivers. The SNR is lower in between the array 
elements in the tong dimension where the "overlap" occurs. This is related to the 
SNR falloff of the individual anay elements. Closing the gap between array 
elements would not increase SNR due to added noise coupling. A surface anay 
has been published that does provide SNR gain nearer to the surface and may 
provide parallel imaging benefits, but does not significantly increase SNR at the 
depth of interest significantly [2]. The problem with this design is that naturally 
decoupled array elements were made by decreasing the sizes of the constituent 
parts. 
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An object of the present invention is to provide a new design for an array coil that 
improves the homogeneity and SNR at a desired depth of MRI and MRS. 

SUMMARY OF INVENTION 

An embodinient of the present invention combines stacking the traditional loop- 
butterfly array elements with twisted loop and twisted butterfly elements. The 
footprints i.e. the dimensions and the alignment of the twisted elemente are 
chosen such that the elements are naturally Isolated from both the loop and the 
butterfly, and such that a SNR gain is achieved at the depth of interest. Many 
higher order twisted array elements can be added that are also naturally 
decoupled from the loop*butterfly elements. The dimensions can be chosen to 
produce significant SNR at the depth of interest 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 an embodiment for a 1< lobe loop layout (prior art) 
Figure 2 an embodiment for 1- lobe butterfly layout (prior art) 
Figure 3 an embodiment for top loop-butterfly combination layout (prior art) 
Figure 4 an embodiment for a bottom loop-butterfly combination layout (prior 

art) 

Figure 5 an embodiment for a Four element loop-butterfly array layout (prior 

art) 

Figure 6 an embodiment for a 3 lobe twisted loop layout 
Figure 7 an embodiment for a 3- lobe twisted butterfly layout 
Figured illustrates an embodiment of a surf^ace coil wrapped across a 

cylinder 

Figure 9 a. b and C Illustrate SNR resulting from the different embodiments 
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DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of this invention combines traditional loop^utterfly anay elements 
as illustrated in figure 3 and 4 whose Zoalignment is modified as illustrated in figure 
5. viflth stacked Nvisled loops and twisted butterfly elements as illustrated in figures 
6 and 7. Higher order twisting which would result in >3 lobe twisted loops and >3 
lobe twisted butterflys, which would generally make the individual lobes smaller 
and sacrifice SNR at the depth, d. but could also be used. The twisted k)op and 
twisted butterfly are offset with respect to the toop-butterfly pair along the long axis. 

The dimenstons of the loop/butteifly elements of Fig. 3,4,5 are chosen for ma)dmum 
SNR at a particular depth away from the coil, then significant SNR gain occurs 
when the size of the lobes in the twisted loops and listed butterflys are 
comparable. For maximum SNR at a depth =d, the dimensions of the kwp and 
butterfly tobes would be chosen to be xl-xZ^zl^^zZ^. These dimensions can 
vary by 10%-20% (and possibly more depending on other constraints). As 
illustrated in figure 5 the total length of the resulting four element loop butterfly array 
is z3=2(ziy=^zS^ As iUustrated in Fig. 6. z3 should be chosen such that z4 ~ d 
{-z1) so that significant SNR gain v«ll be achieved at depth d. For this twisted loop 
to be naturally decoupled from both loops of Fig. 5. z5 should be -z1l2 and the 
centre of the twisted toop (shown as Z^O) should be offset from the z-center of the 
k>ops of Fig.5 by "Zf 12. The twisted loop is naturally isolated from fiie butterfly 
elements due to orthogonality as long as all coil elements have the same x and y 
center (x^o here and all in the y=0 plane). 

As illustrated in Fig. 7, z3 shoukJ be chosen such that z6 ~ d (sz2) so that 
significant SNR gain will be achieved at depth d. For this twisted butterfly to be 
naturally decoupted from both butterflys of Fig. 5. z7 should be ~z2 /2 and the 
centre of the twisted butterfly (shown as Z=0) shoukl be of^t from the z-center of 
the butterflys of Fig.5 by -72 J2. The t\Aristed butterfly is naturally isolate from the 
k>op and twisted kwp etements due to orthogonality as long as all coil elements 
have the same x and y center (x^O here and all in the y^) plane). 
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Each of the coil elements (6 in this case) are then connected to separate 
preamplifiers (which may be of the low input impedance type) and then separate 
receivers. The MR! console would then reconstruct the phased array image into a 
single composite image with appropriate weighting of the Images from these 
individual coil elements (6 in this example). Altematively« signals from these array 
elements can be combined together in hardware to reduce the number of receivers 
required. This combination could be done before or after preamplification. 

It is understood that the geometry of the coils could also be circular, hexagonal, 
rectangular, or diamond shapes or variations thereof. Furthermore, although the 
embodiment chosen to explain the invention is a surface array, the invention 
could also be applied to volume coils such as illustrated in figure 8. 

RESULTS 

By superimposing one twisted loop and one twisted butterfly on a four element loop 
butterfly surface May of desired dimensions and symmetry, long axis SNR gair>s at 
the depth of interest of 20%-40% can be achieved between loop-butterfly elements 
and 7%-30% (as shown in figure 9a. 9b and 9c) at the position of the loop*butterfly 
elements. 
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!NR for the 6 elements aod then the different combined SNR . Z-direction '\% Left-Right on the page. Y is upslown. 
■'hexe are SNR images at X=0. The spine ranges from box #6 to box#13 from the top 
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Elemental: Loop#l (Fig.l in prov.)- 
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prov.). 
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Elemeiit#3: Looi^ (bottom loop of 
Fig.5 in prov.). 
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EIetneat#4: Dunerfly#2 (bottom 
butterfly of Fig.S in prov.). 
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Element#S: Three lobe Twisted Loop 
(Fig.6 in prov.). Most gain at Z=0, but 
some SNR gained at ZnW. and 
Zsz2/2. Here, is the total length of this 
element was not Z3, but say Zl, then 
the SNR depth would be much poorer. 
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Element#6: Three lobe Twisted 
Butterfly (Fig.7 in prov.). Most gain at 
Z=0, but some SNR gained at Zszl/2 
andZ=z2/2 
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Combined Airay SNR images. 

Z=zl/2 
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Combined Array SNR for only the 
lcopA>utterfly elanents (Elements #1, 
#2. #3, and #4 only). This was 
considered as good as it gets by most 
MRI coil people. The spine ranges 
from box #6 to box#13 from (he top 
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Combined Array SNR for the 
loop/bullerfly elemenLs dements #1, 
#2. #3, and #4) plus Element #S(ie 
adding twisted loop). The spine 
ranges from box #6 to box#13 from the 
(op. 

SNR gain over the loop/butteifly 
elements only (top figure on this page) 
is 

Z=0: 41% at box6 and 7% at boxl3 
Zr^zl/l: 22% at box6 and 8% at boxl3 
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Combined Array SNR for the 
loop/butterfly elements (Elements #1, 
#2, #3, and #4) plus Element #Sae 
adding twisted loop) and Element 
#6(twi$ted butterfly as well). The 
spine ranges from box #6 to box#13 
from the top. SNR gain over the 
loop/butteifly elements only (top figure 
on this page) is 

Z:=0: 52% at box6 and 14% at box 13 
Z=zl/2: 27% ai box6 and 8% at boxlS 
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